Abstract. Nonlinear free vibration of single-walled carbon nanotubes (CNTs) conveying fluid are modeled and numerically simulated based on von Kármán geometric nonlinearity and Eringen's nonlocal elasticity theory. The CNTs are modelled as nanobeams where the effects of transverse shear deformation and rotary inertia are considered within the framework of Timoshenko beam theory. The governing equations and boundary conditions are derived using the Hamilton's principle and the nonlinear equation of motion is solved by the Galerkin's method. The small scale parameter and the fluid-tube interaction effects on the dynamic behaviours of the CNT-fluid system as well as the instabilities induced by the fluid-velocity can be investigated. The critical fluidvelocity and frequency-amplitude relationships as well as the flutter and divergence instability types and the associated time responses are obtained based on the presented methodological approach.
Introduction
Vibration analysis of CNTs conveying fluid has been one of the attractive subjects in structural dynamics. This is because CNTs promise many applications in nanobiological devices and nanomechanical systems. The theory of nonlocal elasticity, Eringen [1] , allows accounting for the small scale effect that is very significant when dealing with micro and nanostructures Yang et al [2] , developed the nonlinear free vibration of single-walled carbon nanotubes using nonlocal Timoshenko beam theory, Wang et al [3] , discussed the nonlinear vibration of embedded single-walled carbon nanotube with geometrical imperfection under harmonic load based on nonlocal Timoshenko beam theory. Many research studies have reported the influence of fluid flow on the mechanical properties of CNT. Lee and Chang [4] , studied the vibration analysis of a viscous-fluid-conveying single-walled carbon nanotube embedded in an elastic medium. Length scale effect analysis on vibration behavior of single walled Carbon NanoTubes with various boundary condition types have been elaborated by Azrar et al [5, 6] . In this paper, the small scale parameter and the internal fluid interaction effects on the dynamic behaviors of the single walled CNT-fluid system as well as the instabilities induced by the fluid-velocity are investigated. The geometric nonlinearity in the von Kármán type is included and contributions of fluid velocity to the kinetic energy as well as to the body forces are accounted for.
Mathematical formulation
Let us consider a slender single walled carbon nanotube of length L, diameter d and thickness h. The nonlocal elasticity theory combined with the Timoshenko beam model and nonlinear effect are adopted. The dynamic governing equations are formulated.
Governing dynamic equations
Based on the nonlocal elasticity theory, developed by Eringen [1] , the constitutive equation for a linear homogenous nonlocal elastic body is given by the following integral equation: α Based on the von Karman model the nonlinear strain-displacement relation is given by:
where ψ denotes the rotation of the cross section, u and w are the axial and transverse displacements in the middle plane (z=0) and t is time. Using these equations, the nonlocal resultant axial force N x , moment M x and shear force Q x are given by the following differential equations [2] .
, ,
where ks is the factor of shear depending on the shape of the cross section A and its value is 2(1 )/(4 3 ) ks υ υ = + + .
I, Eand G are the second moment of inertia of the nanotube, Young and shear modulus respectively. When formulating the equations of motion for elastic beam. The fluid interaction force is given by:
The variation of the strain energy δ Π is given by
The variation of the kinetic energy δ K is given by:
Using the Hamilton's principle
Substituting Eqs. (7) and (8) into Eq.(9), integrating by parts and setting the coefficients of , δ δ u wand δψ to zero lead to the following partial differential system: 
The resulting coupled nonlinear partial differential equations are then obtained. χ δμ δχβ 
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Solution to the instability of SWCNT conveying fluids
The deflection of the tube can be approximated by N modes using the Galerkin's procedure. 
Numerical results and discussions
Numerical results are presented using the following geometrical and material properties: 
Conclusions
The nonlinear free vibration modeling of simply supported single-walled carbon nanotubes conveying fluid based on nonlocal elasticity theory is formulated. The Timoshenko beam model and the Hamilton principle are utilized in the modeling of the system with considering the von Kármán geometric nonlinearity. The frequencies and amplitudes of the nonlinear vibration of the SWCNT are obtained by Galerkin's method. The influences of nonlocal parameters and flow velocity on the resonant frequency are discussed.
